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Table 1. CaAculation condition of data bases
$y^{*}$
Figure 1: Variation of distribution of mean
velocity $\overline{u}^{+}$ depending on spanwise width of aFigure 2: Reduction of friction coefficient by
channel narrowing spanwise width
$\nu$ $(^{+})$
2 $(\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{e}\mathrm{l},2)$ $\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{l},\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{e}2$
$(L_{z})$ $\pi/6\cross H(\mathrm{c}\mathrm{a}\mathrm{a}\mathrm{e}1)_{\text{ }}\pi/10\cross H$ (case2) case2 minimal
flow unit [10] $L_{z}^{+}=124$
1 \nearrow ($Re_{\tau}=$ $H/\nu$) 395
3
3.1
1 ( ) oeael ( )
$y^{+}\approx 100_{\text{ }}\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{e}2$ ( ) $y^{+}\approx 50$( )
$Re_{m}$ ($2U_{m}H/\nu;U_{m}$ ) 13800( )‘ $15300(\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{e}1)_{\text{ }}17500(\mathrm{c}\mathfrak{B}\mathrm{e}2)$
$cf(=2\overline{u}_{\tau}^{2}/\overline{U}_{m}^{2})$ 2 $cf=0.073Re_{\overline{m}}^{0.25}$
$cf=12/Re_{m}$





Figure 3: Shear stress across achamel for the
case of narrow-span channel. Figure 4: Distribution of turbulence intensity
for the case of narrow-span chamel
Figuoe 5: $\mathrm{D}\mathrm{i}\mathfrak{N}\mathrm{r}\mathrm{i}\mathrm{b}\mathrm{u}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{u}$ of turbulent $\mathrm{d}\mathrm{d}\mathrm{y}$ v.& Figure 6: Budget of kinetic energy of fluctuat-
coeity. $\nu_{T}^{+}=\iota\eta/\nu$
$\mathrm{i}\mathrm{n}\mathrm{g}$ vdociW$\cdot$ Symbols, normal ffiannd[12]; aelid
lnes , casel ;dotted lines, case2
4 $v_{rml}^{\prime+}$ . $\mathrm{u}l_{rms}^{+}$
$\nu_{T}^{+}=-\overline{u’d}/(\nu d\overline{u}/dy)$ 5 $\nu_{T}^{+}$
$\nu_{T}^{+}$
$\iota q^{+}=Pk/\epsilon_{m}$ ($P_{k}=-\overline{u’v’}(d\overline{u}/dy)$: , $\epsilon_{m}=\nu(d\overline{u}/dy)^{2}$ : )
[11]
inactive





Figure 8: Spanwise correlation of fluctuafing
streamwise velocity $R_{uu}(\Delta Z^{+})$ for cam2
Figure 7: Side view of $\dot{\mathrm{B}}0-$-contour surfaces of
fluctuating streamwise velocity $(u^{\prime+}<-1)$
Figure 9: Side view of $\dot{\mathrm{B}}\mathrm{C}\succ$-contour surfaces
of minute coherent vortices $(\mathrm{a})Q^{\prime+}>0.04$,
$(\mathrm{b})Q’+/\epsilon^{+}>0.5(\mathrm{c}\mathrm{a}\mathrm{s}\mathrm{e}2)$ Figure 10: Distribution of seoond invariance of
velocity gradient tensor $Q’$ scaled by dissipation












\Delta l+=\Delta l /\mbox{\boldmath $\nu$} 1 oeae2
Kolmogorov 10
2 $q$
[2] oeae2 $Q^{\prime+}$ $9(\mathrm{a})$
$q$
$Q’$





$u’>0$ , $u’<0$ , $Q’$ $\mathrm{r}\mathrm{m}$
10 $\epsilon^{+}$ $Q_{rml}^{\prime+}$ oeae2
$y/H<0\cdot 4$
3.3
POD(Proper Orthogonal $\mathrm{D}\propto \mathrm{o}\mathrm{m}\mathrm{p}\mathrm{o}\mathrm{e}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$)
2 $(\mathrm{m},\mathrm{n})$
$[14]_{\text{ }}$
$\int_{-H}^{H}\kappa j(y,y’,m,n)\psi j(y’,m,n)dy’=\lambda(m,n)\psi.\cdot(y)$ (1)
$\kappa\cdot j(y, y’, m, n)=<\tilde{u}\iota(y,m, n, t)\tilde{u}_{j}^{*}(y’, m, n, t)>$
(\sim ’ )
2
$k$ $\psi_{1}^{k}$. $(m, n, y)$
$w(x,t)= \sum a^{k}(m,n,t)\psi_{1}^{k}$. ($m,n$,y)e $(mx/a\iota_{e}+nZ/Lz)$ (2)
$a^{k}$






Figure 12: Flow field reoonstructed using top three modes for case2. (a) is0–contour $\mathrm{s}\mathrm{u}\mathrm{r}\mathrm{f}_{R}$ of stream-
wise velocity fluctuation (dark : $u^{\prime+}=0.1$ ; light gray : $u^{\prime+}=-0.1$ ), (b) distribution of seeond
invariance of velocity gradient tensor $(Q^{\prime+})$ on x-17 plane (uPPer part) and distribution of streamwise
velocity fluctuation and velocity vector plot (lower part).
















$u’,$ $v’$ $u’=\Sigma\tilde{u}k\exp(:k)$ ($i$ ) $\phi(k)=\tilde{u}k\tilde{v}_{k}^{*}/\overline{u’v’}$
$\tilde{v}^{*}$ $\tilde{v}$
( 13(a)\sim (b)) ( 13(a))
–
oeae2( 13(b)) .
( 13(c)\sim (d)) $k_{x}>6$
3O%
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